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Abstract  The Antarctic represents a largely untapped source for isolation of new microorganisms with potential to produce bio-
active natural products. Actinomycetes are of special interest among such microorganisms as they are known to produce a large 
number of natural products, many of which have clinical, pharmaceutical or agricultural applications. We isolated, characterized
and classified actinomycetes from soil samples collected from different locations on Signy Island, South Orkney Islands, in the 
maritime Antarctic. A total of 95 putative actinomycete strains were isolated from eight soil samples using eight types of selective 
isolation media. The strains were dereplicated into 16 groups based on morphology and Amplified Ribosomal DNA Restriction 
Analysis (ARDRA) patterns. Analysis of 16S rRNA gene sequences of representatives from each group showed that streptomy-
cetes were the dominant actinomycetes isolated from these soils; however, there were also several strains belonging to diverse and 
rare genera in the class Actinobacteria, including Demetria, Glaciibacter, Kocuria, Marmoricola, Nakamurella and Tsukamurella. 
In addition, screening for antibacterial activity and non-ribosomal peptide synthetase genes showed that many of the actinomycete 
strains have the potential to produce antibacterial compounds. 
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1  Introduction* 
Actinomycetes, which are phylogenetically defined as a 
group within the high G+C Gram-positive Actinobacteria[1], 
are one of the major contributors to microbial communities 
in Antarctic soils[2-4]. Although several novel species of 
actinomycetes including Friedmanniella antarctica[5], Mod-
estobacter multiseptatus[6], Marisediminicola antarctica[7], 
Streptimonospora salina[8] and Pseudonocardia antarctica[9] 
have been isolated from Antarctic samples, recent applica-
tions of molecular methods have revealed that a very wide 
                                              
* Corresponding author (email: gyatan@um.edu.my) 
diversity of actinomycete taxa in this region remains un-
cultured[3-4].  
Signy Island (60°43′S, 45°38′W) is one of the South 
Orkney Islands located in the South Atlantic Ocean to the 
north of the Weddell Sea. The island has a maritime Antarc-
tic climate with a mean annual air temperature of around 
−3.5℃[10]. About 50% of the surface of Signy Island is free 
from ice and snow during the summer and it has varied ter-
rain including a lowland and coastal zone that provides a 
diversity of habitats[11-12]. Previous investigations of the 
microbial diversity on Signy Island have largely focused on 
its freshwater lake systems[13] or the direct application of 
molecular approaches[14-15]. In the present study, a cul-
ture-based method was used to isolate actinomycetes from 
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soil samples collected from various sites on Signy Island. 
Actinomycetes are well known to have the capacity to syn-
thesize bioactive compounds including antibiotics, antitu-
mor agents and antimicrobial peptides[16]. Many of these 
peptides are produced using the non-ribosomal peptide syn-
thetases (NRPS) biosynthetic system, which consists of 
multi-modular enzymes. Hence, screening for antibacterial 
activity and the presence of NRPS genes in the isolated 
actinomycetes was also carried out. 
2  Materials and methods 
2.1  Soil samples 
Eight soil samples were collected from five sites on Signy 
Island representing various soil types. These included 
muddy soil from Backslope (BS7) and Elephant Flats (EF1 
and EF2), ornithogenic soil from Gourlay Peninsula (G1, 
G2 and G4) and dry polygon soil from Three Lakes Valley 
(LV1) and Spindrift Col (SD1). Samples were collected 
between December 2005 and January 2006. At each loca-
tion, approximately 10−30 g of surface soil were collected 
aseptically into sterile containers, returned to the research 
station on Signy Island and frozen at −20℃. Samples were 
kept frozen at this temperature throughout transport to the 
United Kingdom and then Malaysia until further processing. 
The soil pH was determined on thawed samples in the lab 
as the average of three readings of 1:2 (soil:water) suspen-
sions using a waterproof pH tester 2 (Eutech Instruments, 
Malaysia). 
2.2  Isolation, purification and preservation of ac-
tinomycetes 
A sub-sample (1 g) of each sample was transferred into a 
universal bottle containing 9 mL of Ringer’s solution and 
then serially diluted from 10-1 to 10-4 before 100 µL of each 
suspension was plated onto one of eight types of isolation 
media (10% strength): R2A[17], R2A with 0.4% (w/v) so-
dium propionate (modified from [15]), R2A with        
50 µg∙mL-1 rose Bengal (modified from [15]), Gauze’s me-
dium 2, starch casein nitrate (SCN) agar[18], tryptic soy agar 
(Difco laboratories), tryptic soy agar with 0.1% (w/v) starch 
and tryptic soy agar with 0.1% (w/v) colloidal chitin. 
Cycloheximide (25 µg∙mL-1) and nystatin (25 µg∙mL-1) 
were added to all isolation media to suppress the growth of 
fungi. The isolation agar plates were incubated at 15℃ for 
up to 4 months, and colonies of actinomycetes were puri-
fied onto yeast malt extract agar and preserved in glycerol 
(20%, v/v) at −20℃. 
2.3  DNA extraction 
Total genomic DNA was extracted from pure cultures of 
actinomycetes using a previously described method, with 
slight modification[19]. A loopful of cells was suspended in 
150 µL of TE buffer containing glass beads (<106 µm; 
Sigma G-4649), 2.5 µL of lysozyme (50 mg∙mL-1) and 5 µL 
of Proteinase K (20 mg∙mL-1). The suspension was mixed 
by vortexing, incubated at 37℃ for 2 h and then centri-
fuged at 14 000 rpm for 10 min. Next, the supernatant was 
transferred into a new tube, incubated at 75℃ for 15 min 
and centrifuged. The quality of DNA preparations was 
checked by agarose gel electrophoresis (0.8%, w/v) for   
30 min. The remaining DNA extracts were kept at −20℃ 
until further use. 
2.4  Amplification of 16S rRNA genes 
DNA extracts were used as template DNA (ca. 50 µg∙µL-1) 
in 50 µL reactions containing 0.2 mM of each of the four 
dNTPs, 0.2 µM of primers 27f and 1492r[20], 1.5 mM 
MgCl2 and 1.25 U BioTaq DNA polymerase (Fermentas, 
Lithuania) with the appropriate 1x reaction buffer. Controls 
without template DNA were included in each PCR run. 
Amplification was performed in a thermal cycler (SwiftTM 
MAXI, ESCO, Singapore) according to the following pro-
file: initial denaturation for 5 min at 95℃ prior to the addi-
tion of BioTaq, followed by 30 cycles of 1 min each at 94℃, 
55℃ and 72℃, and then final extension at 72℃ for 10 
min. The 1 500 bp fragments were analyzed by agarose gel 
electrophoresis (1.0%, w/v) for 45 min. 
2.5  Amplified ribosomal DNA restriction analysis 
(ARDRA) 
Two restriction enzymes, BssMI and HhaI, were used to 
digest the amplified 16S rRNA fragment. The reactions 
were performed in final volumes of 20 µL containing at 
least 3 µg∙mL-1 of 16S rRNA products at 37℃ for 3 h. The 
digestions were then analyzed by agarose gel electrophore-
sis (1.5%, w/v) for 1 h at 110 V followed by visualization of 
the banding patterns using a UV imager (Cleaver Scientific, 
UK). 
2.6  16S rRNA gene sequencing and phylogenetic 
analysis  
The amplified 16S rRNA gene products from representa-
tives of each ARDRA group were purified using a 
QIAquick® PCR purification kit (Qiagen, California, USA) 
and then sent to 1st Base (Selangor, Malaysia) for sequenc-
ing, which uses the Sanger Big-dye deoxy-terminator 
method on an Applied Biosystems 3730xl DNA analyzer. 
The partial 16S rRNA gene sequences were compared 
against the GenBank database using the BLAST program[21] 
and the EZTaxon web-based tool[22]. The sequences were 
aligned with closely-related species and the neighbor-join-
ing method was employed to construct the phylogenetic 
tree with bootstrap analysis of 1 000 replications using the 
Molecular Evolutionary Genetics Analysis software version 
4 (MEGA4)[23]. 
2.7  Screening for antibacterial activity  
Representative strains of each ARDRA group were tested 
for antibacterial activity against Escherichia coli 
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ATCC25922, Proteus vulgaris ATCC13315 and Staphylo-
coccus aureus ATCC25923 using the agar plug method[24]. 
2.8  Screening for the presence of NRPS genes 
DNA extracts were also used as template DNA for NRPS 
gene detection. The PCR reactions were prepared in a final 
volume of 50 µL containing 0.2 mM each of the four dNTPs, 
0.4 µM of primers A3f and A7r[16], 10% DMSO and 1U Bio-
Taq DNA polymerase with the appropriate 1x reaction buffer. 
The 700−800 bp amplified fragments were analyzed by aga-
rose gel electrophoresis (1.0%, w/v) for 45 min and then visu-
alized using a UV imager (Cleaver Scientific, UK). 
3  Results and discussion 
A total of 95 actinomycete strains were isolated from the 
eight soil samples using eight types of isolation media. The 
pH of the soil samples ranged from slightly acidic to neutral 
(Table 1). All media used supported the growth of actino-
mycetes; however, the medium best suited for isolation of 
actinomycetes could not be identified as different media 
was used for different soil samples. The largest diversity 
(54 strains) was isolated from the dry polygon soil sample 
from Three Lakes Valley (LV1). 
Table 1  Sampling sites and average values of soil pH 
Soil samples Location (GPS coordinates) pH 
BS7 Backslope (60°42.6′S, 45°35.6′W) 5.41 
EF1 Elephant Flats (60°42.2′S, 45°36.4′W) 6.60 
EF2 Elephant Flats (60°42.3′S, 45°36.4′W) 6.80 
G1 Gourlay Peninsula (60°43.9′S, 45°35.3′W) 5.80 
G2 Gourlay Peninsula (60°43.9′S, 45°35.3′W) 5.10 
G4 Gourlay Peninsula (60°43.9′S, 45°35.3′W) 6.81 
LV1 Three Lakes Valley (60°41.9′S, 45°36.7′W) 7.54 
SD1 Spindrift Col (60°41.1′S, 45°38.3′W) 5.61 
 
The actinomycete strains were clustered into 16 dif-
ferent ARDRA groups based on the restriction patterns of 
HhaI and BssMI. Phylogenetic analysis of the 16S rRNA 
gene sequences of representatives from several of the 
ARDRA groups showed 96%−100% similarity with se-
quences of previously described species including Demetria 
terragena, Glaciibacter superstes, Kocuria palustris, Mar-
moricola aequoreus, Micrococcus luteus, Nocardia ninae, 
Rhodococcus yunnanensis, Streptomyces annulatus, Strep-
tomyces beijiangensis and Tsukamurella tyrosinosolvens 
(Table 2). Fifty-three strains were clustered in the same 
ARDRA group (Group 1), in which the 16S rRNA gene 
sequences were 99% similar to Streptomyces beijiangensis. 
These results indicate repeated isolation of the same species 
from different soil samples using different media (data not 
shown), suggesting that this streptomycete is readily culti-
vated from maritime Antarctic soils. Indeed, streptomycetes 
have previously been noted to be the most abundant actin-
omycetes readily isolated from most aerobic soils in Ant-
arctica[3,16]. There were also several strains identified as 
belonging to rare actinomycete genera such as Glaciibacter, 
Marmoricola and Tsukamurella. In addition, six novel 16S 
rRNA gene sequences representing five genera, Demetria, 
Glaciibacter, Mycobacterium, Nocardia and Rhodococcus, 
were identified (Figure 1). Strain PSY032 could not be as-
signed to any genus (Table 2). These novel sequences likely 
represent undescribed species and/or genera, although further 
biochemical and genetic studies are required to confirm this. 
Table 2  Identification based on 16S rRNA gene sequences and bioactivity of selected actinomycete strains 
ARDRA Group 
Representative  
strains 
Closest phylogenetic  
affiliation 
Identity 
Number of  
strains 
Antibacterial  
activity 
Presence of  
NRPS genes 
1 PSY097 Streptomyces beijiangensis 99% 53 Yes Yes 
2 PSY019 Rhodococcus yunnanensis 99% 8 No Yes 
3 PSY065 Mycobacterium aromaticivorans 98% 6 No Yes 
4 PSY066 Demetria terragena 96% 3 No No 
5 PSY027 Rhodococcus corynebacterioides 97% 10 No Yes 
6 PSY085 Kocuria palustris 100% 3 No Yes 
7 PSY095 Glaciibacter superstes 97% 1 No No 
8 PSY079 Nakamurella panacisegetis 99% 1 No No 
9 PSY096 Rhodococcus triatomae 96% 1 No No 
(To be continued on the next page) 
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(Continued) 
10 PSY086 Microbacterium testaceum 99% 1 No No 
11 PSY016 Streptomyces anulatus 99% 1 No Yes 
12 PSY093 Marmoricola aequoreus 99% 3 No Yes 
13 PSY024 Tsukamurella tyrosinosolvens 100% 1 No Yes 
14 PSY031 Micrococcus luteus 99% 1 No No 
15 PSY032 Actinobacterium 97% 1 No No 
16 PSY021 Nocardia ninae 97% 1 No Yes 
 
Figure 1  Neighbor-joining phylogenetic tree showing relationship of selected actinomycete strains and their close relatives based on 
partial 16S rRNA gene sequences. Numbers at the nodes indicate levels of bootstrap support based on 1 000 resamplings, only values ≥
50% are indicated. 
Forty-six of the 53 strains from the ARDRA group 1 (S. 
beijiangensis group) showed antibacterial activity against P. 
vulgaris and S. aureus. In addition, all 53 strains were 
found to contain the NRPS genes. To the best of our knowl-
edge, this is the first report indicating that S. beijiangensis 
(a psychrotolerant actinomycete initially isolated from soil 
in Beijiang, Xinjiang, the most-westerly province of China) 
possesses antibacterial activity and NRPS genes. NRPS 
genes were also detected in several of the novel strains in-
cluding strains PSY085 (Kocuria sp.) and PSY024 (Tsuka-
murella sp.) (Table 2). There was no inhibitory activity 
against E. coli in any of the actinomycetes. 
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Previous studies[3,25-29] have shown that there is a very 
high density of new or unknown actinomycetes in Antarctic 
environments. In our phylogenetic analysis, cultures were 
obtained from a wide range of existing genera that are 
mostly cosmopolitan. However, several of the cultures re-
covered may represent previously unknown species and/or 
genera. This preliminary investigation of terrestrial soils 
from Signy Island demonstrated that there is much un-
tapped potential in maritime Antarctic terrestrial environ-
ments and that they are rich sources of both novel species 
and rare genera of actinomycetes with the ability to produce 
bioactive compounds. 
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